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and emits UV light, explains Michael S.
Swan, PTI's vice president for business
development. Just as sunlight splinters
CFCs, the UV lamps release highly reac-
tive molecules known as free radicals. To
prevent these promiscuous molecules from
bonding with unsuitable partners, Swan
says, PTI "mates" them with a solid
reagent containing calcium oxide, thereby
producing salts such as calcium chloride.
DuPont, meanwhile, is focusing on
techniques to convert CFCs into less
destructive hydrochlorofluorocarbons
(HCFCs), as well as chlorine-free hydroflu-
orocarbons (HFCs), which may not destroy
ozone but may contribute to the green-
house effect. Baker has patented a process
that turns CFC-113a into HCFC-123
using homogeneous catalysis (in which the
catalyst and the reactants are in the same
phase) without generating salts. When gas-
phase CFCs and hydrogen are fed into a
reactor, he explains, chlorine atoms are sim-
ply replaced by hydrogen. Compared to
more traditional heterogeneous catalysis,
the homogeneous system is less likely to
generate undesirable byproducts, Baker
says, and it isn't deactivated byheat.
To be cost-effective, Swan says, CFC
conversion technologies must compete
with incineration, which can cost up to
$15 per pound. Swan claims he can
destroy CFCs for $2-$4 per pound.
DeAngelis says his system is 30-50%
cheaper than incineration. Key Com-
modore ingredients-sodium and calci-
um-cost between $2.25 and $2.45 per
pound, DeAngelis says. By comparison,
laboratory samples of the sodium oxalate
used in Crabtree's process may be priced
at $40 per pound. But Gregory E.
Gardiner, Yale's director of cooperative
research, says larger quantities are available
for $2.25 per pound.
Cytokine Knockouts
Mice that lack the genes for the cytokines
tumor necrosis factor (TNF) and inter-
leukin-6 (IL-6) may soon help scientists at
the NIEHS sort out the complex roles
these molecules play in modulating inflam-
matory responses to environmental toxins.
Cytokines are released from a wide
variety ofcell types and regulate neighbor-
ing cells. They exhibit diverse and often
seemingly unrelated biological effects. For
example, cytokines play key roles in devel-
opment, immunological disorders, infec-
tion, and tissue injury.
Dori Germolec, immunotoxicology
group leader in the Systems Toxicology
Laboratory of the NIEHS, in collaboration
with Michael Luster, chiefofthe Toxicology
and Molecular Biology Branch of the
National Institute for Occupational Safety
and Health, plans to use the knockout mice
to study the effects of toxins on cytokine
function in the liver, lung, and kidneys.
"There are a number ofcompounds that we
have been investigating in our laboratory
whose activity is modulated by TNF-alpha,"
Germolec said. These compounds include
dioxin, cadmium, and acetaminophen. The
hepatotoxic effects of each of these com-
pounds depend onTNF-a.
"A lot ofhepatotoxins are characterized
by cellular infiltrations," says Lawrence
Schook, chairman of the Department of
Veterinary PathoBiology ofthe University of
Minnesota. "TNF, along with IL-1 and IL-
6, is associated with inflammation. I think a
number of independent observations have
shown that TNF is being produced in situ
forawide arrayofhepatotoxins."
Jean Harry, neurotoxicology group
leader in the Systems Toxicology Labor-
atory, of the NIEHS plans to use the
cytokine knockout mice to study TNF-a
modulation oftoxicity ofcompounds such
as triethyl- and trimethyltin in the brain.
TNF-a responses are mediated by two
distinct receptor subtypes, TNFR1 and
TNFR2. The receptors are expressed in spe-
cific tissues. Extracellularly, the two recep-
tors are very similar but intracellularly they
have distinct signaling pathways that may
account for the different effects ofTNF-a
in different types of cells. "One cell might
have ten times [more] ofone receptor than
the other," says Schook. "In another cell, it
might be the reverse. They both might be
1996 CENR Initiatives
Since its creation in 1993 as part ofthe National Science and Technology Council, the
Committee on Environment and Natural Resources (CENR) has been working to coor-
dinate federal research on environment and natural resources among varying agencies
and programs. The CENR has developed its key research initiatives for 1996, which
include two new initiatves, threeon-going activities at their initial stages ofimplementa-
tion, and two thatare in the earlystages ofdiscussion.
The CENR is developing a National Ecological Monitoring and Research Program
as a new initiative to coordinate current monitoring systems into an integrated, intera-
genc system. Curren programs track specific components ofthe ecosystem but do not
provide adequate in on onow those components interact. A major ga ofthe
program is to p isi into how tcostem healthiad sustainability are controlled
on aregional scale,wherepolicyandmanagement decisions are made.
The second new initiative is the development ofa Natural Disaster Information and
Miutgation program. In order to reduce the financial burden ofnatural disasters, which
have cost the U.S. economyabout $1 billion perweeksince 1992, the CENRis working
on amulti disciplinaryresearchprogram whichwill improve national capabilities for risk
assessment and risk maaement. Byworking with state and local governments to con-
duct natural hazari risk assessments, the CENR aims to carry out the National
Mitigation Strategy, which seeks to cut losses due to natural hazards in halfby the year
2020.
The CENR isworkingto implement the ongoingNorth American Research Strategy
for Tropospheric Ozone (NARSTO) in response to the National Academy ofScience's
conclusion in 1991 tht effrts to control ground-level ozone over the past 20 years had
failed, as well as the finding that 53 millon people live in areas that exceed the national
ambient air quality standard for ozone. This research strategy involves cooperation
amongthe U.S., Canadian, and Mexican governments; industry, andacademia.
The CENR is also developing a comprehensive program to study endocrine dis-
rupters, as new information is learned about these chemicals that may cause hormone-
related problems such as decreased fertilty, cancer, andwildlife population decline. The
Endocrine Disrupte Research Strate will evaluate current data, identify knowledge
gaps, anddeterminewhat researchwill berequired to fll thosegaps.
An international research program to investigate Seasonal to Interannual Climate
Change is being funded by the CENR's Global Change Program. This project will
examine societal vulnerabilities to dimate variation such as floods and droughts, and
ways to improve scientists' abilities to predict climate changes on a seasonal to
interannual timescle.
Fi activities that the CENR has determined merit additional emphasis but will
require more definition to become true initiatives include the proposed Integrated
Global Observing System (the CENRplans to develop the U.S. role), and the expansion
ofeconomic and social science research to address how human activities.affect the envi-
ronment andhowenvironmental changes impact onsociety.
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expressed but it seems one is really predomi-
nate in one cell type or the other."
The cytokine knockout mice are ideal
for studying the role played by TNF-a in
the body's response to toxins. "We are
going to get a TNFR1/R2 knockout which
lacks both TNF receptors," Germolec
explains. "[Those deletions] will complete-
ly abrogate any TNF response. We will
also get mice with just the TNFR1 knock-
out so we should be able to tease out the
effects ofdifferent receptors and how they
function," she said.
The knockout mice were developed by
scientists at Immunex, a biotechnology
company in Seattle, for use in their drug
discovery projects. They are being provided
to the NIEHS by Schook, who has a long-
term project funded by the NIEHS to
study the effects of the hepatotoxin and
carcinogen dimethylnitrosamine (DMN).
To identify genes that are turned on and off
following exposure to DMN, Schook is
using differential display libraries-a new,
powerful technique analogous to polymerase
chain reaction-to identify
the transcripts expressed in
mice that lack one or more
TNF receptors. Preliminary
results ofthe study indicate
that DMN does not elicit
an inflammatory response
in mice lacking the TNFR1
receptor.
"A real question for us
is [whether] TNF is a
friend or foe," says Schook.
"Is it a protective signal or
is it really the signal that
leads to necrosis and cell
death?" Schook suggests it
is possible that in the initial
stages of chemical expo-
sure, cvtokines such as
TNF-ax help to protect tissue, but that pro-
longed exposure leads to cytokine-mediated
toxicity.
The NIEHS researchers will probably
experiment with the IL-6 knockout mice in
different model systems. Most of the com-
pounds they have studied, though, modu-
late the effects ofTNF-a. "[TNF-a] is the
most important one for us," said Germolec.
Schook's long-term goal is to map the genes
that are being turned on by toxins via
cytokine signaling, perhaps to identify peo-
ple at greater genetic risk of adverse effects
from exposure to specific toxins.
Mexican Brickmaking
The twin cities of El Paso, Texas, and
Ciudad Juarez, Mexico, lie in a deep gorge
between two mountain ranges. The airshed
is often subject to temperature inversions,
in which dirty air becomes trapped near
the surface. More than 2 million people in
the area breathe air pollution labeled "seri-
ous" by the EPA. One of the major con-
tributors to the mix is the Cuidad Juarez
brickmaking industry. A concerted effort
by a number of governmental, environ-
mental, industrial, academic, and health
organizations working with the brickmak-
ers holds promise that residents ofthe two
cities may eventually breathe cleaner air.
Bricks are made by ladrilleros-about
400 artisans living in the colonias (unzoned
shantytowns) outside Ciudad Juarez. The
bricks are fired in kilns whose design dates
to ancient Egypt. Cramped and makeshift
brickyards are sandwiched among squalid
houses and shelters. The brickmakers will
burn anything available, ranging from old
tires and wood scraps to butane and natur-
al gas. These primitive fuels create billows
ofblack smoke containing carbon monox-
ide, nitrogen oxide, benzene, toluene, and
particulates that drift into the airshed and
mix with automobile exhaust and road
dust to create some ofthe worst air quality
in the United States and Mexico.
The health consequences of air pollu-
tion are difficult to trace to any single fac-
tor. Researchers now suspect that it's the
combination of noxious ingredients that
poses the greatest health hazards. Dirty air
decreases lung capacity, increases suscepti-
bility to infectious disease, and contributes
to the incidence of lung cancer. The
groups most at risk are children because
their lungs are still developing and they
contract more respiratory infections than
any other group.
The families of brickmakers are at risk
of high exposure to dangerous chemicals.
"The health impact is not only ofconcern
to the worker but also the entire family,
especially pregnant women and children
who, because of their socioeconomic sta-
tus, tend to be undernourished," says
Beatriz Vera, project coordinator for the
U.S.-Mexico Border Environment and
Health Projects. "Many times the entire
family participates in the process.
Sometimes children are put directly into
the area where the kiln is fired." Because
the smoke from the kilns enters the air-
shed, children in other parts of the met-
ropolitan area are also exposed.
Although Ciudad Juarez is growing
faster than El Paso and tends to con-
tribute more to the air pollution problem,
the cities are so interlinked geographical-
ly, culturally, and economically that any
solution must be cooperative. In 1983,
the La Paz agreement between the United
States and Mexico defined a 100-kilome-
ter-deep environmental corridor along the
2,000-mile border. In 1993, the North
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Bad air atthe border. Mexican brickmaking in Ciudad Juarez creates air pollution that knows no borders.
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